Functional Crosstalk between mGluR2 and 5-HT2A Depends on their Expression Ratios  by Baki, Lia et al.
116a Sunday, February 3, 2013manifestation of debilitating side effects. G-protein coupled receptors (GPCRs)
have emerged as the predominant pharmaceutical target, and a specific GPCR
is integral to each of three neurotransmitter pathways: the dopamine 2 receptor
(D2R) in the dopaminergic system, the serotonin 2A receptor (5HT2AR) in the
serotonergic system, and the metabotropic glutamate 2 receptor (mGluR2) in
the glutamatergic system. While all three GPCRs form homomers, heteromers
of 5HT2AR have also been shown to form with D2R or with mGluR2. Our
group has shown that heteromerization enhances the Gi activity of mGluR2,
while it decreases the Gq activity of 5HT2AR. Application of ligands to one
side of the mGluR2-5HT2AR revealed inverse cross-signaling. Thus APDs, in-
verse agonists of 5HT2AR or agonists of mGluR2, aimed to restore high Gi
over Gq signaling (Fribourg et al., 2011). Upon D2R-5HT2AR formation,
the Gq activity of the 5HT2AR increased by approximately 60% and decreased
when an agonist was applied to D2R. These results lead us to hypothesize that
the inverse signaling coupling also exists in the D2R/5HT2AR heteromeric
complex. We are in the process of examining the influence of 5HT2AR on
Gi signaling through D2R. The lack of current clinical success pertaining to
the use of APDs may be a direct reflection of the complex relationship between
D2R, mGluR2, and 5HT2AR. A better understanding of the interrelationship of
these three GPCRs may lead to better management of symptoms involved in
psychotic disorders.
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Bacterial chemotaxis receptors provide the sensory input needed to direct
swimming towards favorable environments. Ligand binding to the receptor
periplasmic domain modulates activation of a kinase CheA bound at the cyto-
plasmic tip of the receptor. Receptors operate in complexes with CheA and
a coupling protein CheW that together form extended arrays in the membrane.
Understanding the differences in conformation and dynamics between the
kinase-activating and kinase-deactivating signaling states of the receptor
will provide insight into the mechanism of transmembrane signaling. We
have used hydrogen exchange mass spectrometry to probe the differences
between these signaling states of the receptor cytoplasmic domain assembled
on membrane vesicles in functional complexes with CheA and CheW. Local
exchange measurements reveal several differences between these states, in-
cluding differences in the exchange pattern (EX1 vs EX2), the fraction under-
going fast exchange (exchanged in 3 minutes), and the fraction that are
protected from exchange at long time (16 hours). Preliminary analysis shows
that peptides corresponding to the adaptation region undergo EX1 exchange
(long-lived unfolded state with complete exchange during each unfolding
event) in the kinase-activating state and EX2 exchange (short-lived unfolded
state with partial exchange) in the kinase-deactivating state. This suggests
the adaptation region is destabilized in the kinase-activating state. Peptides
corresponding to the signaling domain cytoplasmic tip of the receptor show
greater protection from exchange in the kinase-activating state, which could
be due to changes in interactions with CheA and CheW. This hydrogen ex-
change mass spectrometry approach is a promising means of detecting changes
in structure and dynamics of a functional membrane-bound, multi-protein
complex.
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We recently reported that a heteromeric complex formed between the Gi-
coupled metabotropic glutamate 2 receptor (mGluR2) and the Gq-coupled
serotonin 5-HT2A receptor (2AR) integrates the actions of serotonergic and glu-
tamatergic drugs, modulating the balance between Gi and Gq signaling in a way
that can be used to predict the psychoactive properties of these drugs (Fribourg
et al. 2011, Cell. 147(5):1011-23). The biological relevance of the mGluR2/
2AR crosstalk was challenged by a recent study in which co-expression of
the two receptors in HEK-293 cells had no significant effect on either Gi or
Gq signaling in response to several serotonergic and glutamatergic drugs(Delille et al., 2012, Neuropharmacology 62(7):2184-91). This controversy
motivated us to address the significance of the ratio of the expression levels
of two receptors on the degree of their functional crosstalk. To this end we gen-
erated several clones of HEK-293 cells expressing different ratios of the two
receptors in the background of the G protein inwardly rectifying GIRK1/
GIRK4 channel, which can serve as a reporter for both Gi and Gq signaling.
The fluorescent potensiometric dye DiBAC4(3) was used as a probe for mem-
brane potential changes in response to GIRK1/GIRK4 channel activity,
whereas the ratiometric calcium indicator Fura-2 was used as an alternative
reporter of Gq signaling. Here we report that drugs targeting either of the
two receptors were able to modify both Gi and Gq signaling in some, but not
all of our clones. Real time RT-PCR, radio-ligand binding assays and flow-
cytometry were employed to correlate receptor expression levels to the degree
of their functional crosstalk. Clones showing the most effective crosstalk will
be used in DiBAC4(3) assays for high-throughput screening of ligands target-
ing the heteromeric 2AR/mGluR2 complex.
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Opioid receptors are members of an important G protein-coupled receptor
(GPCR) subfamily and targets for potent, widely used analgesics in the clinic.
The main subtypes of this subfamily are the structurally related, highly homol-
ogous, mu-opioid (MOP), kappa-opioid (KOP), and delta-opioid (DOP) recep-
tors. Although opioids targeting the MOP receptor have long been employed in
clinical pain management, they display several serious adverse effects, includ-
ing strong physical dependence. Selective DOP receptor agonists have been re-
ported to exhibit strong antinociceptive activity with fewer side effects, making
them ideal candidates for a more effective and safer analgesia. Among the most
potent agonists of the DOP receptor are the linear and cyclic enkephalin
analogs known as DADLE (Tyr-D-Ala-Gly-Phe-D-Leu) and DPDPE (Tyr-D-
Pen-Gly-Phe-D-Pen), respectively. The structural properties of these penta-
peptides have been studied extensively over the years, using both experimental
and computational methods. However, to the best of our knowledge, a thorough
examination of the conformational free-energy landscape of DADLE and
DPDPE in an explicit solvent is missing from the literature. Here, we employ
microsecond-scale molecular dynamics and bias-exchange metadynamics
simulations of DADLE and DPDPE in an explicit solvent to provide such
a structural and energetic characterization. Our results point to a small number
of conformational minima in solution for both DADLE and DPDPE, separated
by relatively small energy barriers. Among the different energy minima, puta-
tive bioactive conformations are identified based on rigid docking of each
energy basin representative into the binding pocket of the newly released
crystal structure of the DOP receptor. This information offers an unprecedented
opportunity for the structure-based design of potent, selective peptidomimetics
for the DOP receptor.
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Recent studies of G protein signaling in chemotaxis of Dictyostelium
discoideum cells have revealed that G protein molecules diffuse more rapidly
than their receptor, and dissociate from the membrane into the cytoplasm.
Rapid diffusion of G protein on membrane and in cytoplasm would disperse
its spatial information. Some specific mechanisms to prevent G protein disper-
sion are necessary for retaining and transmitting spatial information about
a chemical gradient. To reveal the mechanisms for spatial information reten-
tion, we applied single-molecule imaging analysis to a chemoattractant recep-
tor and its G proteins during chemotactic signaling in Dictyostellium cells.
Intracellular G protein dynamics such as lateral diffusion and resident time
on the membrane was observed upon chemoattractant stimulations. Before
stimulation, the chemoattractant receptor and heterotrimeric G-protein ex-
hibited lateral diffusion on membrane in a different manner in which the diffu-
sion of the G protein is much faster than that of the receptor, demonstrating an
absence of stable precoupling complexes between them. After chemoattractant
stimulations, however, a substantial fraction of Ga subunits showed slowing in
the diffusion with a diffusion coefficient that equaled that of the receptor. Dose
dependency of the slowing response was about 300 nM chemoattractant, which
corresponds to the chemoattractant-binding affinity of the receptor, suggesting
